worsening habitats, or even rocky desertification in some zones. Great vegetation recovery efforts were exerted by the local and central government of China, such as banning of animal grazing and cutting woods. In 1999, the Chinese government launched the 'Grain for Green ' (GfG) program in order to recover the vegetation and reduce soil erosion ). The GfG requires that all cropland cultivated on the mountainous area with a slope greater than 25° be returned to forest or pastureland. The farmers participating in the GfG program will be compensated with free grain and cash, and the seedlings were also provided by the government ).
In 1986, in order to better understand the characteristics of the impaired forest ecosystem and provide information in support of vegetation recover y in the lower Taihang Mountain areas, the Hilly Ecological Experimental Station (HEES), was established by the Chinese Academy of Sciences. A survey of soil chemical properties, vegetation type, above-ground biomass (AGB), and species diversity in 144 permanent sample plots of Niujiazhuang watershed was conducted in 1986 by the researchers of HEES. In 2008, the survey was done again in these 144 permanent sampling plots. Year 1986 represents the impaired soil and vegetation condition impaired by human activities. During 1986 and 2008, the major vegetation recovery efforts near the experiment site banned the animal grazing and cutting woods for fuel, which essentially eliminate the impacts of human activities. Hence, the comparison of soil and vegetation data between 1986 and 2008 can reveal the impacts of the 22-year natural restoration process. Liu et al. (2010) compared the soil chemical properties between 1986 and 2008, and found that these vegetation recovery efforts had resulted in positive impacts on soil chemistry. The soil organic matter content stopped decreasing, and the collected N in B horizon and K, Na, Fe, Mg, and Zn in both A and B horizons showed significantly higher level in 2008 compared with 1986. The objective of this research was to further investigate the changes in AGB and species diversity after 22 years of vegetation recovery efforts in the lower Taihang Mountain of China.
MATERIAL AND METHODS
Study site. The survey was conducted in the lower Taihang Mountain by the researchers of the Hilly Ecological Experimental Station (with geographical coordinates of 114°15'50''E and 37°52'44''N), Chinese Academy of Sciences. The experiment site is located in the Niujiazhuang Catchment (with the drainage area of 9.3 km 2 ), approximately 50 km southwest of Shijiazhuang, capital city of Hebei Province, China. The elevation ranges from 247 to 1040 m a.s.l. The long-term annual average temperature is 13°C with the lowest monthly average temperature of -1.6°C in January and the highest of 26.3°C in July. The average annual precipitation is 560 mm, with 67.8% of that available from June to September.
The vegetation in the catchment is a mosaic of shrubs, herbs, plantation, agricultural crops, deciduous and coniferous forests. In this manuscript, the names of plant species are based on the Flora Reipublicae Popularis Sinicae (Hu et al. 1959 (Hu et al. -2004 (Figure 1 ). There were a total of 144 permanent sampling plots (2 m in length and 2 m in width) taken from these transects. At each sampling plot, the community coverage and plant species were recorded. For each species, the coverage, abundance, height, and AGB were measured. The elevation and slope aspect were also recorded for each sampling plot. The AGB of herbs and shrubs were measured after harvest. The plant samples were put into oven at a constant temperature of 80°C until completely dry.
Species diversity indexes. The species diversity was evaluated using species richness (S), ShannonWiener's (H), Simpson's predominance index (D), and evenness index (J sw ) (Pielou 1966) . The diversity index H expresses heterogeneity while the D is sensitive to changes in common species and is determined by the relative concentration of dominance (Dörgeloh 1999) . Because determining the degree to which each factor contributes to species diversity is impossible from the calculated value of H alone (Christensen and Peet 1984) , a separate measurement of J sw is calculated based on H. Diversity indexes of H and J sw are calculated based on density and percent cover.
The species importance values (IV) for shrubherb species are calculated as follows: IV = (relative density + relative percent cover)/2
(1)
Where: relative density is the percentage of the individuals of a shrub or herb species to the total individuals of all plant species per plot; relative percent cover is percentage of the cover of a species to the total cover of all species. The IV is used to calculate species diversity at each plot.
The plant density data are used to calculate the H of the plant communities as follows:
Where: P i is the proportional IV of the i th species at a plot, and is calculated as follows:
Where: N i is the IV of the i th species at a plot; N is the summation of IV values of all species.
The calculation of D is shown as follows:
J sw is calculated according to the following equation:
Statistical analysis. Analysis of variance (ANOVA) was conducted using SPSS13.0 procedure. Duncan's test at P < 0.05 was used to investigate whether there are significant differences in plant AGB and species diversity between 1986 and 2008.
1 Figure 1 . The transect and permanent sampling plots in the study area
RESULTS AND DISCUSSION
Change of species composition. The species richness decreased during natural vegetation recovery process. In the 1986 field survey, there were a total of 58 plant species belonging to 27 families and 51 genera, whereas there were 48 recorded species belonging to 24 families and 41 genera in the 2008 survey (Tables 1 and 2 ). In both 1986 and 2008 surveys, Asteraceae, Poaceae and Fabaceae are the major families. There were a total of 25 and 20 species recorded from the above three families in the 1986 and 2008 surveys, respectively ( Table 2 ). The species from these three families accounted for 43.10 and 41.67% of the total species in the 1986 and 2008 surveys, respectively ( Table 2 ). The species from Asteraceae, Poaceae and Fabaceae families have a much wider range of climatic adaptation than other families, which is likely the reason explaining their relatively higher percentage in the plant community composition in the lower Taihang Mountain (Yang et al. 2009 ).
The dominant species of community changed during the natural succession of vegetation: the perennial herbs were the dominant and main companion species in 1986, while in 2008 perennial shrubs were the dominant and main companion species in the majority of communities (Table 3 Zhao (2007) studied the vegetation restoration of degraded ecosystem in the hilly areas of the Taihang Mountain, and found that vegetation succession process show the trend from herbs to shrubs and trees.
Change of AGB. Based on the results of statistical analysis, there were significant differences in the coverage, height, and AGB for both shrubs and herbs between 2008 and 1986 with the exception of herb coverage (Table 4) . Over the 22-year natural succession of vegetation, the mean community coverage was significantly increased from 76.72 to 93.85% (Table 4 ). In 2008, the community coverage at the majority of sampling plots was over 90%, and at some plots the community coverage can even reach 100%. The increased coverage of soil surface will effectively prevent or ease the incidence of wind and water erosion, and reduce the soil loss (Liu et al. 2010) .
Community, shrubs and herbs showed significantly higher heights in 2008 than in 1986: the mean heights of them were increased from 0.47, 0.47, and 0.45 m in 1986 to 1.21, 1.64, and 0.84 m, respectively (Table 4 ). Community and shrubs had significantly higher coverage in 2008 than in 1986, but there were no significant differences in the mean coverage of herbs between 1986 and 2008 ( Table 4 ). The average coverages of community and shrubs were significantly increased from 76.72 and 33.66% to 93.85 and 59.08%, respectively (Table 4) . There was a significant increase in the AGB of community and shrubs, while AGB of herbs in 2008 was significantly lower than in 1986. The average AGB of community and shrubs were significantly increased from 0.37 and 0.15 kg/m 2 to 0.44 and 0.35 kg/m 2 , respectively, and the average AGB of herbs was significantly decreased from 0.23 to 0.10 kg/m 2 ( Table 4) .
The coverage, height, and AGB of the major communities in 1986 and 2008 are given in Table 3 . Clearly the majority of plant communities in 2008 had relatively higher coverage, height, and AGB than the plant communities in 1986. The increased community AGB might result in positive impacts on the impaired ecosystem because the vegetation plays a key role in maintaining the soils in which they grow (Liu et al. 2010) . The increased litter falls resulting from increased community AGB can improve the soil chemical properties and physical structure, and increase the biological activities within the soil (Mishra et al. 2003 , Liu et al. 2010 .
The species richness decrease while community AGB increase might suggest that the functional group and dominant species may play more important role in the function of the ecosystem of ecological restoration. After 22 years of vegetation restoration, the roles of dominant species became more and more significant: few dominant species made the greatest contribution to the AGB. The AGB distribution among species during early secondary succession primarily depends on light availability and nitrogen supply, the total species number, and cover of dominant species (Luzuriaga et al. 2002) .
Change of species diversity. Over the 22-year natural restoration process, the diversity indexes of S and H had been significantly decreased, whereas the D and J sw had been significantly increased (Figure 2) . The reason that the S and J sw responded A -represents that the species was found in the survey; NA -the species was not found in the survey. Names of plant species are based on the Flora Reipublicae Popularis Sinicae (Hu et al. 1959 (Hu et al. -2004 differently may be because S is the absolute density of community while J sw is relative density (Ma et al. 1995) . The S was directly proportional to the amount of species in the particular community and was independent of individual distribution in the community, while the J sw increased when having well-distribution of individual in the community. The community with higher D had a better AGB -the above-ground biomass. Names of plant species are based on the Flora Reipublicae Popularis Sinicae (Hu et al. 1959 (Hu et al. -2004 Different letters in the same column mean significant difference at 0.05 level; AGB -the above-ground biomass function of absorbing resources of domination species and lower species diversity. On the contrary, the lower D, the weaker function of species in the community. Compared with the perennial herbs, the important value of shrubs increased gradually after 22 years' natural restoration in Taihang Mountain. Temporal stability increased with dominance by V. negundo var. heterophylla and L. oblonga, because these species exhibited exceptionally stable AGB production. In poor-species nature plant communities, species traits (such as ability to respond to higher nutrient levels) as well as competitive interaction may determine the ecosystem processes (e.g. productivity) by which dominant species affect relationships between diversity and productivity. In order to maintain and restore the impaired forest ecosystems and halt the land degradation, the Government of China has launched three largescale nation-wide land conservation projects: 'The three-north forest shelter belt project' , 'Natural forest resources protection project' , and 'Returning farmland to forest and grasslands -grain for green (GfG) project' (Yang 2004) . The conservation effects of these vegetation recovery efforts varied regionally. For example, the GfG project resulted in a significant increase in vegetation cover on the farmland in the northern part of the Shanxi Province, but no significant changes in vegetation cover on the farmland in the southern part ). On the Chinese Loess Plateau, afforestation efforts even had significant negative effects on soil desiccation, which impaired the long-term sustainability of these ecosystems (Jiao et al. 2010) . After 22 years' vegetation recovery efforts in the Niujiazhuang Catchment of the lower Taihang Mountain in China based on the comparison results of two surveys of 144 permanent sampling plots in 1986 and 2008, shrubs replaced herbs to be the dominant species and played more important role in the function of the ecosystem by contributing the majority of AGB.
Long-term vegetation recovery efforts in the study area have led to positive impacts on the impaired forest ecosystem: significant increases in community coverage and AGB, which can in turn prevent soil loss by wind and water erosion, improve soil chemical properties and physical structure, and increase biological activities within the soil. It is expected that the community coverage and AGB will continue to increase with the establishment of dominant shrub communities. But further monitoring should be conducted to confirm the trend found in this study. In addition, the measures of restoration success should include vegetation structure, species diversity, and ecological processes (Ruiz-Jaén and Aide 2005). The ecological parameters considered in this study were AGB and the soil nutrient contents in a previous research (Liu et al. 2010) . It is suggested that more ecological process parameters such as quantity of earthworms be included as a part of vegetation restoration assessment in the future research.
